incentives to health plans when their patients with diabetes meet adherence targets to angiotensinconverting enzyme inhibitors/angiotensin II receptor blockers (ACEIs/ARBs) and statins. While a link between adherence and cardiovascular risk factor control is established, most studies included young patients with few comorbidities. Whether the Star adherence target is associated with reduced blood pressure or low-density lipoprotein cholesterol (LDL-C) in complex older patients is not well understood. OBJECTIVES Determine correlates of adherence and examine the effect of meeting Star adherence targets on blood pressure and LDL-C in the Medicare-aged diabetes population. DESIGN AND SUBJECTS Retrospective cohort study of 129,040 patients with diabetes aged 65 or older. MEASURES Adherence estimated using proportion of days covered target ≥ 0.8; blood pressure < 140/ 90 mg Hg; LDL-C < 100 mg/dl. Modified Poisson regression used to assess relationships. RESULTS Adherence differed little across elderly age groups. Compared to no comorbidity, high comorbidity (≥ 4) was associated with lower ACEI/ARB (risk ratio [RR] 
However, studies of the relationships between medication adherence and CVD risk have often been in adult populations that excluded elderly individuals, included relatively few elderly overall, or included few elderly patients with diabetes. 1, [4] [5] [6] [7] Whether good medication adherence is associated with improved risk factor control in older patients with diabetes is largely unknown. Similarly, clinical trials testing the efficacy of lipid and blood pressure (BP) medications often excluded patients with severe or symptomatic comorbidities. 8, 9 Yet, accounting for comorbidity, particularly among patients with diabetes, is important in that up to 40% of patients with diabetes have multiple comorbidities. 10, 11 Experts have called for studies using large observational data sets to enhance understanding of treatment effects in patients who are older and who have comorbid conditions. 8, 12 Despite gaps in knowledge about relationships between medication adherence and surrogate CVD outcomes such as BP and lipid control in elderly Medicare-aged patients, the Centers for Medicaid and Medicare Services (CMS) uses an adherence metric within its quality of care measures for the Medicare Star program. 13, 14 The Medicare Star program gives an overall rating of the health plan's quality and performance for the types of services the plan offers. 15 CMS attaches monetary incentives to each health plan's performance on Star measures. Components of the Star measures include adherence to oral antihypertensives, specifically angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs), and adherence to oral antihyperlipidemics, specifically statins. The Star adherence metric uses the proportion of days covered (PDC) as a proxy for medication adherence, considering a PDC ≥ 0.8 (i.e., possession of the medication at least 80% of the days in the measurement period) as "target adherence." This target adherence metric is applied uniformly across the Medicare population, with no upper age limit and no adjustment for comorbid conditions.
High performance on quality metrics such as the Star adherence metric should positively correlate with improved clinical and surrogate outcomes, yet there is scant evidence on whether achieving the Star adherence target directly correlates with reduced BP or lipid levels among the elderly. To begin to address this knowledge gap, we sought to clarify the links between ACEI/ARB and statin adherence, as measured by the Star metric, and BP or lipid values in a large, geographically and demographically diverse Medicare-aged population with diabetes. The purposes of this study were to assess the relationships between elderly age and comorbidity burden on ACEI/ARB or statin adherence and to examine the relationship between target ACEI/ARB or statin adherence and levels of BP and lipids in a large sample of patients with diabetes representative of the diabetic population included in Medicare Star quality measures. This study included patients with diabetes in the SUrveillance PREvention and ManagEment of Diabetes Mellitus (SUPREME-DM) registry, the largest civilian diabetes registry in the United States. [16] [17] [18] [19] [20] The SUPREME-DM registry, known as the DataLink, is a standardized, distributed data infrastructure that leverages electronic health record (EHR) and other clinical and administrative databases from 11 Health Care Systems Research Network (HCSRN, formerly the HMORN) member organizations. 21 The DataLink includes a defined population of more than 1.2 million adults with diabetes (from 2005 forward), identified using combinations of coded diagnoses, medications, and laboratory test results. Patients with all types of diabetes (type 1, type 2, and other less common types) are represented in the DataLink, as are both incident and prevalent cases. The DataLink's primary data source is the HCSRN Virtual Data Warehouse (VDW) 22 ; exposure, adherence outcome, and covariate data variables were obtained from the Datalink and VDW at each site. For this study, we included DataLink patients aged 65 or older in 2010 from the participating KP regions (n=129,040). 23 The KPNC Institutional Review Board (IRB) approved this study and waived the informed consent requirement. KPCO and KPNW ceded IRB oversight to the KPNC IRB.
Methods

Setting and Population
Exposures and Outcomes
To determine relationships between age and ACEI/ARB or statin adherence and between comorbidities and ACEI/ARB or statin adherence, age and comorbidity were considered the exposures of interest and adherence was considered the outcome of interest. In examining the effect of ACEI/ARB or statin adherence on cardiovascular risk factor values, adherence was considered the exposure of interest and systolic and diastolic BP values or low-density lipoprotein (LDL-C) values were considered the outcomes of interest. To align with the timeframe of the Medicare Star quality of care measures, the period of measurement for exposures and outcomes was a calendar year.
The ACEI/ARB and statin single-ingredient and combination products included were those listed in the Star technical specifications. 13, 24, 25 The PDC for each person for each therapeutic category was estimated from pharmacy dispensing records, using the days' supply of medication dispensed with each dispensing and the number of dispensings over the measurement period. 26 In the Star metric, the measurement period is the date of the first dispensing within a calendar year through the last day of that year the patient has the medication of interest in their possession. For this study, to align with the Star metric, each patient's PDC was dichotomized into target adherence (PDC ≥ 0.8) or not (PDC < 0.8), and required patients to have a minimum of two dispensings in the year to be included in the PDC denominator. We had previously calculated the PDC for each patient in our patient sample 23 : 86,210 patients had ≥ 2 ACEI/ARB dispensings in 2010, including 69,402 (81%) with target adherence; 93,276 had ≥ 2 statin dispensings, including 73,582 (79%) who met the adherence target. 23 Patient age was determined as of January 1, 2010. Comorbidity burden was determined using ICD-9 coded diagnoses/procedures by counting the number of unique conditions diagnosed in 2009; each condition was counted once. These 19 conditions were included in statin analyses: atrial fibrillation, alcohol abuse, Alzheimer's, anxiety, arthritis, asthma, cancer, chronic kidney disease (CKD), chronic obstructive pulmonary disease, dementia, depression, complicated diabetes (diabetes without complications was not included because it was present in all study patients), drug abuse, heart failure, ischemic heart disease, osteoporosis, retinopathy, stroke, and visual impairment. 27, 28 For ACEI/ARB analyses, the same conditions were included as for statin analysis with the exceptions of complicated diabetes or CKD because these conditions can be the indication for ACEI/ARB use rather than comorbid conditions.
Systolic and diastolic BP and LDL-C values were determined from each patient's EHR. LDL-C and BP control were defined using standards applicable in 2010: BP < 140/90 mm Hg or < 130/80 mm Hg 29 ; LDL-C < 100 mg/dl. 30 It was determined whether each patient achieved these BP or LDL-C values using the last measurement in 2010.
Covariates
Covariates of interest were identified based on prior literature. 23, 31, 32 Demographic, enrollment, and clinical covariates included gender, race/ethnicity, whether the patient was enrolled in the health plan the full calendar year, KP region, and body mass index (BMI; kg/m 2 ). Socioeconomic variables included income and education (determined from the geocoded census block group). Medication covariates included medication burden (the number of unique medication classes the patient was taking at the start of 2010), ACEIs/ARBs or statins mean days' supply in 2010, and percentage of ACEIs/ARBs or statins refilled in 2010 through a mail order pharmacy. Benefit structure variables included prescription co-payment for a 30-day supply of a generic medication and annual individual out-of-pocket maximum in 2010. Use of high-intensity ACEI/ARB or statin treatment also was included in the BP and LCL-C analyses. High-intensity BP treatment was defined as being dispensed ≥ 3 antihypertensive classes concomitantly. High-intensity hyperlipidemia treatment was defined as taking atorvastatin 40-80 mg or rosuvastatin 20-40 mg daily.
Statistical Analysis
Working hypotheses for this study were (i) that very elderly (age ≥ 85) patients with diabetes are less likely to achieve ACEI/ARB or statin target adherence than younger elderly and that patients with multiple comorbid conditions are less likely to achieve target adherence than patients with no or few comorbidities, and (ii) achieving ACEIs/ARBs or statins target adherence in very elderly patients or in patients with multiple comorbid conditions is not associated with BP or lipid control.
To test these hypotheses and to examine whether differences in outcomes varied by selected patient characteristics, a modified Poisson regression approach with robust error variances was used to obtain estimated risk ratios (RRs) and 95% confidence intervals (95% CI). This approach has been recommended in studies where the outcome of interest is common. 33 Our ACEI/ARB adherence model (outcome) included age and comorbidities (exposures), as well as all covariates listed previously. 23, 31, 32 Similar models were fit to examine relationships between statin adherence (outcome) and age and comorbidities (exposures) .
To analyze the impact of meeting the ACEI/ ARB and statin adherence target (exposure) on BP and LDL-C control (outcomes), a modified Poisson regression modeling technique was used similar to that outlined above. Two BP control definitions were assessed in separate models (BP < 140/90 mm Hg and < 130/80 mm Hg). One LDL-C control definition was assessed (LDL-C < 100 mg/dl). Covariates for the BP and LDL-C control models included age, number of comorbidities, and all covariates listed previously.
All p values are two-sided; p<0.05 and 95% CI that did not include 1 were considered statistically significant. All analyses were conducted in Stata/SE 12.1 (StataCorp LP, College Station, TX).
Results
Demographic and clinical characteristics of the full cohort (n=129,040) and of the cohort subsets with ≥ 2 ACEI/ARB (n=86,210) or statin (n=93,276) dispensings are shown in Table 1 . BP measurements were available for 98% (n=84,220) of those with ≥ 2 ACEI/ARB dispensings. Based on the last measurement in 2010, 83% (n=70,242) achieved BP < 140/ 90 mm Hg and 62% (n=52,290) achieved BP < 130/80 mm Hg. LDL-C measurements were available for 95% (n=88,159) of those with ≥ 2 statin dispensings. Of these patients, 89% (n=78,398) achieved LDL-C < 100 mg/dl based on the last value in 2010.
Adherence and Age or Comorbidity Table 2 presents results of analyses of the probability of being adherent. The likelihood of being adherent to ACEIs/ARBs was similar across all elderly age groups. Increasing comorbidity was associated with deceasing likelihood of ACEI/ARB adherence ( Table 2 also displays estimates of the associations between other measured characteristics and adherence. All associations were modest, with the exception of days' supply dispensed. Compared to dispensing less than 31 days' supply of either ACEIs/ARBs or statin, greater days' Race/ethnicity was not available for 9% of the cohort; body mass index was not available for 6%; census data was not available for < 1%; generic drug co-payment was not available for 3%.
b
Comorbidity count for patients with ≥ 2 dispensings of an ACEI/ARB; excludes complicated diabetes and chronic kidney dysfunction. The numbers and % of patients with each individual comorbidity are shown in Table S1 . Figure 1A) . RR estimates for relationships between BP < 130/80 mm Hg and target ACEI/ARB adherence for all age groups show slightly stronger associations ( Figure 1B) , however review of the 95% CI for the BP < 130/ 80 mm Hg findings for all age groups yielded the same interpretations as with BP < 140/ 90 mm Hg ( Figure 1A) . Adjusted for site and whether patient was enrolled in the health plan for all 12 mo of 2010. Education, household income, and generic drug co-payment for 30 day supply were also included in the models but as they were not significant, the risk ratio and 95% confidence intervals for those variables are not shown. b 86,120 patients had ≥ 2 dispensings of ACEI/ARB; 1668 patients had missing values for census block group variables and/or generic drug co-payment and were not included in this analysis. Positive, statistically significant relationships were observed between targeted statin adherence and LDL-C < 100 mg/dl in all age groups (Figure 2A) . Estimated risk ratios were similar across age groups (65-69 yrs: RR 1.14 [1.12, Figure 1D ).
Positive associations were observed between LDL-C < 100 mg/dl, comorbidities, and target statin adherence. The RR were similar across patients with 0, 1, 2, 3, and ≥ 4 comorbid conditions (no comorbidity: RR Figure 2B ).
Discussion
In this large cohort of patients with diabetes, we found little difference in adherence to ACEIs/ARBs or statins across age groups 65 years through ≥ 85 years. Patients with Figure 1 . Associations of meeting the Medicare Star ACEI/ ARB adherence target with BP control and age or comorbidity among elderly patients with diabetes. Estimates were from modified Poisson regressions using blood pressure control < 140/90 mm Hg (Panels A and C) or < 130/80 mm Hg (Panels B and D) at the last recorded measurement in 2010 as the dependent variable, and adherence PDC ≥ 80% compared with PDC < 80% as the main independent variable. Regression models controlled for age (comorbidity models), number of comorbidities (age models), gender, race/ethnicity, medication burden, length of enrollment in the health plan during 2010, mean days' supply of ACEI/ARBs, intensity of treatment, and an interaction term for meeting the adherence target and taking high intensity treatment. multiple comorbid conditions were less likely to be adherent to ACEIs/ARBs or statins than those with no or few comorbidities. Importantly, in this Medicare-aged cohort, achieving target ACEI/ARB adherence was not associated with BP control in the oldest patients (85 yrs and older) whether control was defined as < 140/90 mm Hg or < 130/90 mm Hg. A modest positive relationship between BP control and ACEI/ARB adherence in patients with some levels of comorbidity was observed when control was defined as < 140/90 mm Hg. However, when control was defined as < 130/80 mm Hg, the relationship between BP and ACEI/ARB adherence remained only for patients with low or no comorbidity. In contrast, achieving targeted statin adherence was associated with LDL-C control across all elderly age groups and all levels of comorbidity.
Clinicians, patients, and policy-makers have highlighted the need for quality metrics for the elderly that are patient-centric and correlate with outcomes, and for high-quality comparative effectiveness research to improve care for patients with multiple chronic conditions. 12 This current retrospective observational study provides evidence that ACEI/ARB adherence is not associated with BP control either in the oldest patients or in those with multiple chronic conditions, raising a question about the relevancy of the Medicare Star ACEI/ARB adherence metric for this subset of patients with diabetes. However, evidence from prospective randomized trials is needed to conclusively answer this question.
Many studies of patient-level correlates of medication adherence suggest that older patients have higher adherence than younger patients, but our findings do not support differences in adherence among elderly patients with diabetes who have a high chronic disease burden that are taking either ACEIs/ARBs or statins. Most of the studies that found older patients had higher adherence did not focus on the elderly, [34] [35] [36] did not fully examine age groups older than 65, 37 and/or did not study Medicare-based samples. [34] [35] [36] [37] [38] The few studies that have closely examined adherence to CVD medications in the elderly and very elderly suggest progressively older age may be associated with lower adherence. 39, 40 Our findings, which control for comorbidity burden and multiple covariates, do not agree with these previous studies.
Lipid and BP control among patients with diabetes reduces CVD and mortality risk. 41, 42 Simultaneous control of both risk factors is especially protective against adverse CVD outcomes, 43, 44 with effects lasting beyond intensive intervention. 45 Previous studies suggest that higher adherence to CVD medications in diabetes patients is associated with improved risk factor control, lower hospitalization rates, and reduced mortality. 2, [34] [35] [36] However, most of those studies differed from our current work in that they did not focus on elderly patients, did not fully account for comorbidities, studied nonrepresentative samples, or used nonstandard adherence definitions. 46, 47 These differences in study design and populations between previous studies and the current study potentially contribute to the different results that were observed (i.e., no association Figure 2 . Associations of meeting the Medicare Star statin adherence target with LCL-C < 100 mg/dl and age or comorbidity among elderly patients with diabetes. Estimates were from modified Poisson regressions using LDL-C < 100 mg/dl at the last recorded measurement in 2010 as the dependent variable, band statin adherence PDC ≥ 80% compared with PDC < 80% as the main independent variable. Regression models controlled for age (comorbidity model), comorbidity (age model), gender, race/ethnicity, medication burden, length of enrollment in the health plan during 2010, mean days' supply of statins, intensity of treatment, and an interaction term for meeting the adherence target and taking high intensity treatment. Panel 2A: age and LDL-C < 100 mg/dl; Panel 2B: comorbidity and LDL-C < 100 mg/dl. LCL-C = low-density lipoprotein cholesterol; PDC = proportion of days covered.
between BP control and targeted ACEI/ARB adherence in the oldest patients or in those with high comorbidity).
Multiple age-related physiologic factors potentially contribute to why the very elderly could achieve target adherence and yet have uncontrolled BP. Some of these factors include, for example, decreased baroreceptor sensitivity and the fact that ACEIs/ARBs (as well as other currently available antihypertensive agents) do not specifically target vascular stiffness.
In 2010, hypertension treatment goals for patients with diabetes reflected the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure 29 and the results of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study, a study that did not demonstrate benefit for achieving a systolic BP of ≤ 120 versus ≤ 140 mm Hg. 48 Further, clinicians then (and now) approached treating hypertension in the very elderly much more cautiously than in younger patients, in large part due to concerns about risks of adverse events such as hypotension, falls, and syncope. Publication of the Systolic Blood Pressure Intervention Trial (SPRINT) in 2015 altered hypertension treatment goals for patients at high risk for cardiovascular events, including elderly patients (28% of patients enrolled in SPRINT were ≥ 75 yrs of age). 49 SPRINT demonstrated that targeting a systolic BP < 120 mm Hg (vs < 140 mm Hg) resulted in lower rates of cardiovascular events and death. However, applicability of SPRINT results to patients with diabetes remains unclear as diabetes patients were excluded from SPRINT. Also concerning is that higher rates of hypotension, syncope, electrolyte abnormalities and acute kidney dysfunction were observed in the SPRINT group that had a systolic BP < 120 mm Hg.
Strengths of this study include the large number of patients in the PDC calculation and the very high percentages of patients with available BP and LDL-C measurements. The PDC for both the ACEI/ARB and statin users was at targeted adherence (≥ 0.8) for a large percentage of the cohort. This high percentage of patients with targeted adherence was anticipated because KP regions are consistently among the highest ranking health plans in the Medicare Star quality of care ratings and the Medicare Star adherence metric excludes the most nonadherent patients. 32 The PDC had several limitations. First, it is not a direct measurement of adherence; rather it is a surrogate marker that assumes the patient ingested the medication if the prescription was dispensed. Second, the 0.8 PDC cutpoint is not clearly established as optimal for effectiveness or safety in elderly patients with diabetes. 26, 50 Yet, because the Star metric uses the 0.8 target, it was crucial to study the relationships between this cut-point and CVD risk factor control.
Other limitations include that, as with any observational study, selection bias is a concern. It is possible that patients with higher adherence differ from patients with lower adherence in ways that are difficult to measure, or that there are unobserved factors that could affect patient outcomes. There could be other benefits (beyond BP and LDL-C) to being adherent with ACEIs/ARBs or statins; this study was not designed to assess other benefits. Outcome values for BP and LDL-C were determined using the last measurement available in the year; a minimum number of readings during study follow-up were not required. Patients could have had different values within the year (or median values that differed from the last measurement). It is also possible that this population of Medicare Advantage patients differs from, for example, Medicare fee-for-service patients. However, because these adherence and outcomes questions are unlikely to be studied through randomized trials because of cost, comparative effectiveness methods were used to estimate relationships between ACEI/ARB or statin adherence and CVD risk factor control while minimizing bias, given the measured differences.
In conclusion, no link was found between adherence to ACEI/ARB and BP control among diabetes patients who are very elderly or who have multiple comorbidities. This is the first evidence to question this Medicare Star adherence quality of care metric in the oldest diabetes patients and in those with multiple comorbid conditions.
